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Suggestions for minor edits: l. 15: significant -> important l. 18 -> In the light of present understanding, using VHF radars to identify possible stratospheric intrusions still remain unclear -> However, at present several open questions remain regarding the use of VHF radar to identify possible stratospheric intrusions. Dear Editor: We really thank you for pointing out the deficiencies. We have followed the suggestions and modified the corresponding text. 175: is of -> is l. 180: CH4 -> CH_4 (the "4" should be a subscript) l. 187: present -> the present Dear Editor: We really thank you for pointing out these deficiencies. We have followed the suggestions and modified the corresponding text.
l. 221: please check how this data should be cited. I think that the usage of this data might be governed by the NCDC use agreement available via https://www.esrl.noaa.gov/psd/data/gridded/data.olrcdr.interp.html. Dear Editor: It is indeed a big problem. We have added the related citation: Lee, (2014); We also have expressed our thanks in the acknowledgment. Please see the sentence: 'The interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/. ' 
Lee, H.-T.: Climate Algorithm Theoretical Basis Document (C-ATBD): Outgoing Longwave Radiation (OLR) -Daily. NOAA's Climate Data Record (CDR) Program, CDRP-ATBD-0526, 46 pp, 2014.
l. 225: side -> site (also elsewhere) l. 239: remained -> created (?) l. 240: where they should be normally high value ->where normally one would expect to find a high value l. 249: omit "exactly" (I think "well" is enough here and "exactly well" sounds odd to me) l. 252: cyclone -> cyclones l. 278: a verb seems to be missing after "is" l. 306: one thing is -> it is l. 307: are -> have; observed -> were observed l. 312: masses parcel -> mass parcel is l. 317: that -> that are l. 320: transport -> are transported l. 322: transportation -> transport l. 370: Present -> The present l. 379: majority -> the majority of l. 409: is served -> served l. 427: checking -> commenting on (?) l. 429: thanks -> thank Response: We really thank you for pointing out the deficiencies. We have modified the corresponding text.
Dear editor: Personally, I'm sincerely very and very grateful for your help to my paper. All the comments and suggestions are necessary and important. continuing rise in CO2), the tropopause variation is also a significant factor that must 
65
Stratospheric intrusions bring dry ozone-rich air down into the free troposphere (e.g. situations. In section 2 the datasets used in this paper are described, section 3 presents 120 detailed results and discussion, and section 4 gives the conclusions. resolution. Details of the low mode setup used in this study are given in Table 1 .
Dataset

134
It has long been known that VHF radar reflectivity is proportional to the mean 
160
In the present study, the MST radar mainly provides continuous measurements of ). The backscattered echo power given here is expressed as relative power in decibels (dB). In order to reduce the random noise, the profile of is smoothed by a 3-point running mean in altitude.
168
Note that the data that are heavily contaminated will be eliminated from our datasets.
169
The data of December 2015 and September 2015 are excluded. Assimilation System (GDAS) datasets are adopted for driving the HYSPLIT. cyclonically along the western flank of the COL (Fig. 2b) . was clearly observed near the radar site on 29 November (Fig. 4b) 
236
The rapid RT variation in altitude is in fact the response of the tropopause fold below 237 the jet stream, which will be well represented in Fig. 8a . Rapid variation in RT height 238 created a region with low echo power (marked by R on Fig. 5a ) and low aspect 
252
The most important observation in this detailed case experiment is the strong 253 downdrafts (hereinafter inferred to as main downdrafts) observed immediately 254 preceding the rapid RT ascent (Fig.5c ). The radar echo power sharply weakened (dotted 255 rectangle in Fig.5a ) and the wind direction changed rapidly (Fig.5b, 
Associated stratospheric intrusions
Due to the sensitivity of the AIRS retrieved ozone and CH4 is between 300-600 287 hPa. Fig. 7 shows the 500 hPa distribution of AIRS observed ozone and CH4, along 288 with the AIRS tropopause contour (defined based on the temperature lapse-rate). The 289 ozone distribution maps (left panels of Fig. 7) clearly show a large area with enhanced 290 tropospheric ozone (>80 ppbv) near the radar site during the passage of the COL.
291
Moreover, severe CH4 depletion (<1840 ppbv) was also observed (right panels in Fig.   292 7). These features of the ozone enhancement, CH4 depletion, and the corresponding low 
295
The vertical cross-section of ECMWF PV and specific humidity at 1800 UT 30 in Figure 11a (except for the cases S14, S15, S16, S17, S20) were associated with 343 significant ozone enhancement, indicating intrusions of stratospheric origin (as shown 344 in Supplementary figure S1). It is important to note that the RT excursion velocity of 345 all the cases is not all above 0.2 km/h and some are lower than this value (e.g. cases
346
S16 and S18). However, some form of stratospheric intrusions was exactly observed in 347 such cases from both the trajectory and satellite results. Therefore, the threshold of According to the meteorological chart, the synoptic situation of those cases 353 identified in Fig. 11a are introduced. The cases S1, S2, S8, S9, S10, and S11 seem to 354 have a close relationship with COL development; cases S3, S4, S5, S6, S7, S17, S18,
355
and S19 seem associated with low or high trough systems (at 500 hPa). The remaining
356
cases seem not associated with any significant synoptic development. However, in
357
terms of the distribution of isentropic PV (generally at 315K in winter and 330K in 358 summer), we found that the remaining cases S12, S13, S14, S15, S16, and S20 appear Table 2 .
364
In the light of present understanding, the strong downdrafts preceding the rapid 
